Light curves and periodograms of 160 B stars observed by the TESS space mission and 29 main-sequence B stars from Kepler and K2 were used to classify the variability type. There are 114 main-sequence B stars in the TESS sample, of which 45 are classified as possible rotational variables. This confirms previous findings that a large fraction (about 40 percent) of A and B stars may exhibit rotational modulation. Gaia DR2 parallaxes were used to estimate luminosities, from which the radii and equatorial rotational velocities can be deduced. It is shown that observed values of the projected rotational velocities are lower than the estimated equatorial velocities for nearly all the stars, as they should be if rotation is the cause of the light variation. We conclude that a large fraction of main-sequence B stars appear to contain surface features which cannot likely be attributed to abundance patches.
INTRODUCTION
The existence of large spots or spot groups on the surfaces of cool stars other than the Sun is well established. This discovery can be traced back to Kron (1947) who observed four eclipsing binaries and detected significant light variability outside eclipse that could not be explained other than by the presence of spots similar to those on the Sun. These stars were later called RS CVn binaries. Hall (1972) was the first to explicitly postulate the starspot model in these stars. Rotational modulation due to starspots is also detected in the BY Dra variables, which are emission-line K and M dwarfs, and in the FK Com stars, which are rapidly rotating G-K giants with emission in the CaII lines. Over 500 field stars showing evidence of starspots are known (see Strassmeier 2009 for a review), but many thousands have been detected from the Kepler space mission (McQuillan et al. 2013 (McQuillan et al. , 2014 Reinhold et al. 2013; Nielsen et al. 2013; Chowdhury et al. 2018) .
Sunspots appear cooler than the surrounding photosphere because they correspond to regions of lower convective energy transport. The decrease in energy transport is due to strong localized magnetic fields which affect the convective motions close to the stellar surface. The magnetic fields are thought to be a result of dynamo action in the convective outer envelope of the Sun and other cool stars (Charbonneau 2014) . From this perspective, only stars with outer convective envelopes can support such a magnetic field. Hence dark starspots are not expected in A and B stars which have radiative envelopes.
The chemically peculiar Ap and Bp stars do, however, show rotational light modulation due to patches of differing chemical abundances on the stellar surface. The chemical peculiarities are believed to be confined to the outer layers of the star and are generally thought to be a result of gravitational settling and diffusion of elements in the presence of a strong global magnetic field (Michaud 1970 ). For these stars, which have radiative atmospheres, the magnetic field is thought to be of fossil origin.
The discovery that a large fraction of A and B stars observed by Kepler seem to show rotational modulation (Balona 2013 (Balona , 2016 (Balona , 2017 and some of them possibly even flares (Balona 2012 ) was therefore unexpected. The possible existence of rotational modulation among the B stars suggests that our current understanding of the physics of the outer layers of hot stars may need to be revised. The fact that a great majority of δ Scuti stars show unexpected low frequencies (Balona 2018) , which cannot be explained by current models, also points to such a revision.
The Transiting Exoplanet Survey Satellite mission (TESS; Ricker et al. 2015 ) is designed to search for exoplanets. A preliminary report on B stars from the first set of observations (Sectors 1 and 2) covering 55 d can be found in Pedersen et al. (2019) . Our main aim is to classify the TESS B stars observed in Sectors 1 and 2 into various variability types, to estimate the approximate fraction of main sequence stars which might be rotational variables and to determine if the photometric periods are consistent with the presumed rotational periods.
DATA AND ANALYSIS
TESS observes the sky in sectors measuring 24
• × 96
• that extend from near the ecliptic equator to beyond the ecliptic pole. Each sector is observed for two orbits of the satellite around the Earth, or about 27 days. Sectors begin to overlap towards the ecliptic pole which means that at mid-latitudes the same star will be observed in more than one sector. There is a continuous viewing zone near the ecliptic pole where the same stars are observed in all sectors.
The data analyzed in this paper are from the light curves of the first release (Sector 1 and Sector 2). Most of the stars discussed here are at mid-latitudes and have been observed for a time span of about 55 d. A description of how these data products were generated is found in Jenkins et al. (2016) .
Light curves are generated with two-minute cadence using simple aperture photometry (SAP) and pre-search data conditioning (PDC). The PDC pipeline module uses singular value decomposition to identify and correct for timecorrelated instrumental signatures in the light curves. In addition, PDC corrects the flux for each target to account for crowding from other stars and their effects. Only PDC light curves are used in this paper.
The noise level in the amplitude periodogram is around 10 ppm for the brightest stars, about 30 ppm at about V = 8 mag, 100 ppm at V = 10 mag and 200 ppm at V = 12 mag. A frequency peak with a false alarm probability of 10 −3 or less is taken as being significant.
The TESS input catalogue ) lists stellar parameters for stars observed by TESS. The effective temperatures, T eff , for stars without spectroscopic determinations were obtained from near-infrared photometry, which is not reliable for B stars, particularly since reddening is important in may cases. The stars observed by TESS were matched with the SIMBAD astronomical database (Wenger et al. 2000) and only those known to be B stars were selected, giving a total of 160 stars with spectral types earlier than A0.
Periodograms and light curves were visually inspected and each star assigned a variability class where appropriate. A necessary signature of rotational modulation is taken to be a significant, isolated low-amplitude peak with frequency less than 4 d −1 or a low-amplitude peak with one or more harmonics. The classification was made independently by LAB and GH with agreement among the stars deemed to be rotational variables.
ROTATIONAL VARIABILITY
The equatorial rotational velocity, ve (km s −1 ), is given by ve = 50.74νrot(R/R⊙), where the rotational frequency, νrot is in cycles d −1 and R/R⊙ is the stellar radius in solar units. For main-sequence B stars the radii are typically 2-10 R/R⊙ and ve in the range 0-400 km s −1 . Thus one might expect 0 < νrot < 4 d −1 . A periodogram peak in this frequency range could be a result of rotational modulation.
There are two ways to show that the variability of a group of stars might be due to rotational modulation. One way is to demonstrate that there is a relationship between the projected rotational velocities, v sin i, and the equatorial rotational velocities, ve. Since sin i ≤ 1, the expectation is that in a plot of v sin i as a function of ve, the points will all lie on or below the line v sin i = ve, subject to measurement errors (see Fig. 2 
in Balona 2017).
Another method is to show that, for stars in the main sequence band, the distribution of ve, derived from νrot and an estimate of the stellar radii, matches the distribution of ve derived from spectroscopic measurements of v sin i for stars in the general field within the same temperature range (see Fig. 8 in Balona 2013) . This has the advantage that values of v sin i of the stars to be tested are not required. A sufficient number of stars in each ve bin is necessary and the number of bins needs to be sufficiently large to adequately resolve the distribution. The method therefore requires a rather large number of stars. The number of B stars with photometrically derived rotation periods is, at present, too few for this method to be applied.
Classification of stars according to variability type is an essential first step in any analysis. The information at hand is very limited: the light curve, the periodogram and the approximate location of the star in the H-R diagram as judged by the spectral type and the Gaia DR2 parallax.
It is reasonable to adopt the variability type definitions in the General Catalogue of Variable Stars (GCVS, Samus et al. 2009 ). There may be variability which does not seem to fit in any of the GCVS classes. Unless there is additional supporting evidence, the temptation must be resisted to assign a new class of variable. Since the GCVS does not include a type for rotational variables among the A and B stars, we have chosen ROT as a suitable designation for any star exhibiting rotational modulation, but not known to be chemically peculiar.
The SXARI variables are a specific set of B0p-B9p rotational variables with variable-intensity HeI and SiIII lines and magnetic fields. The periods of their light and magnetic field variations are consistent with rotation. They are hightemperature analogs of the α 2 CVn (ACV) variables, which are Ap stars with a tilted global magnetic field and abundance patches, giving rise to rotational modulation of the light curve. If a star shows signs of abnormalities, such as enhanced Si, Mg or Hg or is He weak or He strong, then the variability is likely a result of a patch or patches of enhanced chemical abundance. For the purpose of this study, we clas-sify these stars as SXARI rather than ACV or ROT so as to distinguish between two different causes of rotational modulation: localized abundance anomalies or localized temperature differences. The photometric frequency in both cases is the rotational frequency.
Binaries in a circular orbit may give rise to a low frequency peak either through tidal effects (ELL type of variable) or grazing eclipses. Eclipses are easy to spot as they give rise to a large number of harmonics in the periodogram. Tidal effects cannot easily be distinguished from rotational modulation. The ambiguity between the ELL and ROT classifications can be broken if there is significant amplitude or frequency modulation.
OTHER TYPES OF VARIABILITY IN B STARS
There are two main types of pulsating variable among the B stars, the β Cep (called BCEP in the GCVS) and "slowly pulsating B-star" (SPB) variables. The pulsations in both types are caused by the opacity mechanism in the ionization zone of iron-group elements (Dziembowski et al. 1993) . The β Cep stars are hotter (20000-32000 K) and pulsate with frequencies in the range 4-12 d −1 , while the SPB stars are cooler (11000-19000 K) and pulsate with frequencies in the range 0.3-3 d −1 . In the GCVS, SPB stars are given the variability type LPB ("long-period B-star"). The reason for the different designation is that the GCVS wisely tries to avoid naming a variable type according to a specific interpretation of the cause of the light variation. If a much better interpretation for SPB light variations were to be found, for example, then the class will have to be renamed. However, since the designation LPB has fallen into disuse, SPB is used instead.
The ACYG variables are nonradially pulsating B-type supergiants. The multiple periods range from several days to several weeks. The B supergiants observed by TESS are all members of the Large Magellanic Cloud (LMC). With few exceptions, the light curves of all the LMC supergiants matched those expected for the ACYG variables.
The Be variables are B stars which show, or have shown, emission in Hα or other Balmer lines. This can include many different types of object, including supergiants, in which the emission is thought to be due to different physical mechanisms. The "classical Be stars" are a narrower set confined to stars in the main sequence band. Some Be stars show large, frequent outbursts in the light curve attributed to the sudden ejection of circumstellar material (GCAS variables). Others are less active and show quasi-periodic variations with timescales in the range 0.5-2 d, usually attributed to multiple nonradial pulsations and/or obscuration by circumstellar material. In the GCVS, the designation BE is used to describe these stars. The photometric variability type BE should not be confused with the spectroscopic classification "Be" which designates emission in some Balmer lines.
The EA and EB variables are eclipsing binaries. In EA variables it is possible to specify the beginning and end of eclipses. Between eclipses the light is more-or-less constant. On the other hand, the EB eclipsing variables are close binaries where the variation is practically sinusoidal with no constant light. The EP stars show very small eclipses which may be attributed to a planet or sub-stellar companion.
The MAIA type is a new class which was introduced by Balona et al. (2015 Balona et al. ( , 2016 . These are B stars which show many high-frequency peaks similar to those seen in BCEP or δ Scuti variables (called DSCT in the GCVS). However, they are too cool to be classified as BCEP and too hot to be DSCT. Whether or not they deserve a separate class remains to be seen. These stars may be related to the "FaRPB" stars (Mowlavi et al. 2016 ) which also show high frequencies and lie between the β Cep and δ Scuti variables. The FaRPB stars, however, are all rapidly-rotating stars. The evidence suggests that MAIA stars are not rapid rotating stars .
Some subdwarf B stars (sdB stars) are also known to be multiperiodic variables. There are two classes: the V361 Hya and the V1093 Her stars. V361 Hya stars are short-period pulsating sdB stars with 24000 < T eff < 40000 K and log g < 5.8 (less compact than white dwarfs). They have multiple periods in the range 60-400 s (200-1500 d −1 ). They are also known as EC 14026 stars. The V1093 Her stars are in the same general area of the H-R diagram, but somewhat cooler and less compact. They are long-period (1800-9000 s or 10-50 d −1 ) analogues of the V361 Hya stars and are also known as PG 1716 stars. Table 1 lists our assigned variability type in the third column. Where the star seems constant or no definite assignment is possible, a dash is used. When the classification is uncertain a question mark is added (e.g. ROT?). Sometimes two classifications are possible and either is acceptable. This is shown by a slash, e.g: ROT/ELL. In other cases two types seem to be present in the same star which is shown by a plus, e.g. SPB+ROT. The classification of ROT in a pulsating star such as SPB or BCEP is sometimes made if a strong peak and its harmonic are present. The justification is that there is no reason why rotational modulation cannot co-exist with pulsation. The harmonic may, of course, also arise as a result of nonlinear pulsation. Fig. 1 shows some examples of the periodograms and the phased light curves of stars classified as a ROT variables.
EFFECTIVE TEMPERATURE
The effective temperature, T eff , may be estimated in several different ways, sometimes giving very different results. Literature values of T eff were chosen according to the following order of descending priority.
Whenever possible, estimates of T eff from modelling the stellar spectrum were chosen. Failing this, an estimate based on narrow-band photometry (i.e.Strömgren uvbyβ or Geneva photometry) was used For some stars, Strömgren photometry was available, but no value of T eff had yet been derived. In such cases we estimated T eff by de-reddening the star using the method described by Crawford (1978) and then applying the calibrations of Balona (1994) to obtain T eff .
Next in priority were methods using the spectral energy distribution (SED) from wide-band photometry, usually UBVRI. There can be problems with this method if measurements in the U band are missing, so T eff from SED was selected only if it agreed reasonably well with the tem- Table 1 . List of B stars observed by TESS. The TIC number and the star name is given in the first two columns. This is followed by the assigned variability type (GCVS type in brackets) and the apparent V magnitude. The presumed rotational frequency, νrot, the amplitude, Arot, the signal-to-noise ratio, S/N, of the periodogram peak and the number of visible harmonics, N H , is shown. The derived equatorial rotational velocity is ve and v sin i is the projected rotational velocity from the literature. The adopted effective temperature is T eff as derived from the reference (see Table 2 ). Finally, the stellar luminosity obtained from the Gaia parallax and the spectral type are shown ("(Be)" indicates a classical Be star). Pecaut & Mamajek (2013) . For emission-line stars the T eff from the spectral type was used instead of photometric methods. The error in T eff clearly depends on the method used, but we can obtain an approximate overall value for B stars from the PASTEL catalogue (Soubiran et al. 2016) . The errors increase with T eff ranging from 500 to 1500 K. We adopt a standard error of 1000 K as reasonable overall estimate.
LUMINOSITIES AND RADII
From the Gaia DR2 parallax π (Gaia Collaboration et al. 2016 Collaboration et al. , 2018 , the absolute magnitude is calculated using MV = V0 + 5(log 10 π + 1), where V0 is the reddening-free V magnitude. We used V magnitudes from SIMBAD. The reddening correction was derived from a three-dimensional reddening map with a radius of 1200 pc around the Sun and within 600 pc of the galactic midplane as calculated by Gontcharov (2017) . For more distant stars, a simple red- dening model is used (see Eq. 20 of Brown et al. 2011 ), but adjusted so that it agrees with the 3D map at 1200 pc. The absolute bolometric magnitude is given by M bol = MV +BCV −M bol⊙ , where BCV is the bolometric correction in V and M bol⊙ = 4.74 is the absolute bolometric magnitude of the Sun. The bolometric correction as a function of T eff is given in Pecaut & Mamajek (2013) . Finally, the luminosity relative to the Sun is found using log L/L⊙ = −0.4M bol . Gaia DR2 parallaxes for many early-type stars are subject to larger errors than quoted because the match with the as-trometric model used to determine the parallax is rather poor, perhaps due to binarity (Gaia Collaboration et al. 2018) . Nevertheless, these are the best parallax estimates at present. From the error in the Gaia DR2 parallax, the typical standard deviation in log(L/L⊙) is estimated to be about 0.05 dex, allowing for standard deviations of 0.01 mag in the apparent magnitude, 0.10 mag in visual extinction and 0.02 mag in the bolometric correction in addition to the parallax error. The true error in luminosity is likely larger for the reason just quoted.
From the luminosity and effective temperature, the stellar radius, R/R⊙, can be found. For stars where the rotational modulation frequency νrot is available, the equatorial rotational velocity ve can be determined. Table 1 shows log L/L⊙. For those stars with known νrot, ve is also shown.
In addition to the TESS stars, we have examined the light curves of Kepler and K2 data for possible rotational modulation. The Kepler data have a time span of nearly 4 yr which results in a very low periodogram noise level. The K2 data have a timespan of around 80 d. Table 3 lists the measurements and stellar parameters obtained in the same way. Fig. 2 shows the main sequence stars in Tables 1  and 3 in the theoretical H-R diagram.
ROTATIONAL MODULATION
Since there is evidence that rotational modulation is present in nearly half of the Kepler A stars (Balona 2013 (Balona , 2017 , it is reasonable to presume that rotational modulation may also be common among B stars. The physics of the outer layers of these stars are very similar and we expect continuity in the properties of early A stars and late B stars.
Low frequencies similar to those expected from rotational modulation can also be found in mid-to late-B stars. These are the SPB variables which pulsate with multiple frequencies in the range 0.3-3.0 d −1 . For a late B star with ve =50-100 km s −1 , we expect νrot ≈ 0.3 d −1 which is at the low frequency end of the SPB range. Therefore if a SPB frequency peak is mistaken for rotation, it most probably will be at a higher frequency. This will result in a ve larger than v sin i and will thus appear to confirm rotational modulation.
A single low frequencies or a low frequency and its harmonic could possibly arise from SPB pulsation simply by coincidence. There is no known mechanism which preferentially selects just a single mode or a mode and its harmonic. Unless evidence for such a selection mechanism is found, it is difficult to accept SPB as a possible explanation for more than a few stars. In any case, pulsation can only occur if the star is within the instability strip. While the SPB instability strip may be extended to cooler stars by the effect of rotation, this explanation will ultimately fail for sufficiently cool stars. There are plenty of hot A stars which show a single low frequency or low frequency and harmonic well outside the SPB instability strip, no matter how much it can reasonably be extended. These cannot be due to SPB pulsation. It is thus reasonable to assume that a single peak or a peak and its harmonic, for which the evidence indicates rotational modulation in A stars, is also a result of rotational modulation in the B stars.
It is also possible that low frequencies may be a result of binarity or Doppler beaming. Considering the fact that most of the observed frequencies are around 1 d −1 , it follows that the components must be rather close to each other. Under these conditions we may expect to see eclipses or partial eclipses in most of the stars. It is for this reason that we tend to assign a classification of EB or EA (rather than ROT) to stars with amplitudes in excess of a few parts per thousand. It turns out that the large number of B stars classified as ROT all have small amplitudes (typically around 150 ppt). The binarity explanation therefore requires that all these stars have grazing eclipses,which is very unlikely.
For the reasons discussed above, we are confident that a ROT classification does indeed have a high probability of being due to rotational modulation, but do not exclude some contamination from pulsation and binarity. Our aim is not to prove that the ROT stars are due to rotational modulation, but merely to show that rotational modulation is not excluded.
The frequencies listed as νrot in Tables 1 and 3 are all highly significant according to the false alarm probability (Scargle 1982) . Probabilities that the specified frequency is due to noise are always less than 10 −6 and the ratio of the peak amplitude to background noise level is always greater than 10. The typical peak amplitude is around 135 ppm. As already mentioned, one test for rotational modulation is to compare the equatorial rotational velocity, ve, obtained from νrot and the stellar radius, with v sin i. For this purpose, values of v sin i in Tables 1 and 3 were obtained from the catalogue of Glebocki & Gnacinski (2005) . A few more recent values were found using SIMBAD. Fig. 3 shows v sin i as a function of ve for the TESS main sequence stars identified as ROT (solid circles) or SXARI (open circles) in Tables 1 and 3 . As expected, most stars fall below the sin i = 1 line. If the variation is not related to rotation, one would have expected both sides of the sin i = 1 line to be populated.
The typical error in v sin i for B stars can be estimated from the catalogue of Glebocki & Gnacinski (2005) . The error increases with v sin i and ranges between 0 and 60 km s −1 . A representative value of σv sin i = 30 km s −1 is reasonable. From the error in log L/L⊙ and T eff it is easy to calculate the error in ve. This error depends almost entirely on the error in T eff . The contribution from the luminosity error is small while the contribution from the error in νrot is entirely negligible. The typical value for the error in the derived equatorial rotational velocity is σv e ≈ 40 km s −1 . These error bars are shown in Fig. 3 .
The distribution of points in Fig. 3 is roughly what one would expect for rotational modulation. Most of the stars would be seen equator-on and hence most of the points will be near the sin i = 1 line. Stars which are nearly pole-on would not show rotational modulation, which is consistent with the lack of stars at the bottom right corner of the figure.
An estimate for the angle of inclination of a particular star can be found by dividing v sin i by ve. The error in the resulting value of sin i clearly increases as ve approaches zero because sin i is the ratio of two small numbers and even a small error in v sin i and/or ve will lead to a large error in sin i. Only rapidly rotating stars are useful in estimating sin i. As ve approaches zero, the true range of v sin i also tends to zero and an increasing precision in v sin i is required to prevent it from exceeding ve due to measurement errors. Since the error in v sin i is roughly the same over the whole range of ve, it is inevitable that an increasing number of stars will lie above the sin i = 1 line as ve tends to zero.
Several stars lie above the sin i = 1 line, including three SXARI stars for which rotational modulation is universally accepted as the cause of the light variation. TIC 270070443 is only slightly discrepant and a small change in v sin i or ve will bring it below the v sin i = 1 line. The v sin i values of TIC 280051467 range from 36-64 km s −1 and adopting the smaller value will remove the discrepancy. The same is true for the most discrepant SXARI star, TIC 204095429 with v sin i in the range 18-98 km s −1 . There is, of course, nothing unphysical about stars lying above the v sin i = 1 line. The location of a star in this diagram depends on two quantities which are both subject to error. A star lying above the line by more than three standard deviations is probably a result of mis-classification. Stars that do lie above the line may simply be a result of an error in v sin i and/or ve. The error in ve, for example, is sensitive to the error in T eff . The interpretation of v sin i > 1 in terms of the angle of inclination is that the star may be mis-classified as ROT or that the errors are too large for i to be measured, but that the inclination is probably nearly equator-on.
The most discrepant ROT star is TIC 355477670 with v sin i = 123 km s −1 (Zorec & Royer 2012) , ve = 37 km s −1 . The estimated ve is three times smaller than v sin i. This star has the lowest amplitude (21 ppm) among the TESS stars, though the periodogram peak at 0.272 d −1 is prominent. KELT ground-based photometry gives a rotation period Prot = 27.15180 d , which would make the discrepancy still larger. No evidence of such a period is found in the TESS data. Perhaps the observed periodicity is of a binary nature. TIC 259862349 with v sin i = 96 km s −1 and ve = 53 km s −1 appears to be surrounded by a debris-disk (Welsh & Montgomery 2018) . This is a another lowamplitude star (51 ppm) with a strange light curve. There is sudden doubling in the light amplitude variation which looks to be of instrumental origin. Although the periodogram peak is sharp, it is surrounded by noise which is likely related to the sudden change in the appearance of the light curve.
EPIC 202061205 is a variable of unknown type with a period of 3.414701 d (Watson et al. 2006) , which is the same as in Table 3 . The variability could possibly be a binarity effect considering that the amplitude is fairly large.
EPIC 205417334 has a period of 1.0877 d according to Rebull et al. (2018) , the same as in Table 3 , but no variability classification is given. Perhaps this is another binary.
It should be noted that the ROT classification was made with no prior knowledge of the literature on these stars. However, one star (EPIC 202909059) was removed after it was found to be a spectroscopic binary (it was the most discrepant point in the v sin i/ve diagram). Thus there is no reason to suspect a bias regarding the allocation of the ROT class. Only four or five ROT stars are found to be somewhat discrepant which suggests that there are probably not many mis-classifications.
NOTES ON SOME ROT STARS
Stars which lie below the sin i = 1 line but that are of interest are discussed below.
TIC 38602305 (HD 27657) is an optical double with a separation of 4 arcsecs and a magnitude difference ∆V = 1.6 mag with spectral types B9III and B9V. A period of 27.15 d was reported by Oelkers et al. (2018) from KELT ground-based photometry. The TESS periodogram shows a peak with period 2.976 d and three of its harmonics (Fig. 1) . TIC 47296054 (HD 214748) is a classical Be star. Three harmonics of the fundamental at 0.836 d −1 are clearly visible. The star seems to be a typical ROT variable. In addition, there is an anomalous peak at 0.432 d −1 which is not part of the harmonic sequence. Thus a SPB+ROT classification was assigned.
TIC 139468902 (HD 213155) has a rotation period of 5.97 d from KELT photometry . The TESS data, on the other hand, has a fundamental period of 0.455 d with the first harmonic having a similar amplitude. No other significant frequencies seem to be present.
TIC 150357404 (HD 45796) has a rotation period of 2.78 d from KELT photometry . The TESS data gives Prot = 1.56 d. The periodogram shows two weak sidelobes surrounding the central peak, hence the SPB+ROT? classification. The uncertainty is that perhaps the main peak is a pulsation mode and not due to rotation.
TIC 152283270 (HD 208433) . This is a visual double separated by 0.6 arcsecs with ∆V = 2.26 mag. The periodogram shows a single peak at 0.434 d −1 assumed to be rotation, but the light curve also shows a single clear eclipse with a duration of about 0.6 d and a depth of about 1 millimag. Hence the ROT?+EA classification. The uncertainty is due to the relatively low S/N of the supposedly rotation peak and the absence of harmonics.
TIC 238194921 (HD 24579). Apart from the peak at νrot = 0.727 d −1 and its harmonic, the are two additional peaks, the one at 1.812 d −1 having the largest amplitude (190 ppm). The other peak is close to νrot and with similar amplitude. These additional peaks indicate that this may be an SPB star. Hence the classification SPB+ROT.
TIC 262815962 (HD 218976) is a visual double with separation of 1.6 arcsecs and ∆V = 3.91 mag. A rotation period of 27.15 d is reported by Oelkers et al. (2018) from KELT data. The TESS data give Prot = 2.71 d.
TIC 271503441 (HD 2884) is a visual double with separation of 2.5 arcsecs and ∆V = 9.1ṁag. In fact, there are another five associated, more widely separated, stars. The brightest star, β 1 Tuc, does not seem to be a spectroscopic binary (Chini et al. 2012) . The TESS data show a peak at 3.056 d −1 and its harmonic and nothing else of significance. TIC 271971626 (HD 62153) is a visual double separated by 1.9 arcsecs and of equal brightness and spectral types. The main periodogram peak at 0.215 d −1 is assumed to be due to rotation. There is also a peak of lower amplitude (A = 30 ppm) at 5.820 d −1 and its first harmonic (A = 13 ppm). The high frequency must be a pulsation, so we have assigned the MAIA class as the star lies between the red edge of the β Cep variables and the blue edge of the δ Sct stars.
TIC . This is classified as SPB+ROT? EPIC 211116936 (HD23324) has a strong frequency peak consisting of two close components. The first harmonic of one of the components is present, from which we suggest a ROT classification, but other low-frequency peaks exist which indicate that it is also SPB. The star is a member of the Pleiades.
KIC 9278405 (ILF1 +45 284) was classified as SPB by McNamara et al. (2012) The star has a strong peak with multiple close components and a weak first harmonic. It could be indeed classified as SPB, but differential rotation will also account for the structure in the main peak.
KIC 5479821 (HD 226795) has a single sharp peak and harmonic. McNamara et al. (2012) classified the star as either a binary or rotational variable with the period listed in Table 3 .
FLARE STARS
Optical stellar flares are usually associated with active M dwarfs which can dramatically increase in brightness over a broad wavelength range from X-rays to radio waves for anywhere from a few minutes to a few hours. The rapid rise in brightness is followed by a slow decay with a timescale from minutes to hours. The largest change in brightness occurs at short wavelengths: a rise of one magnitude in the V band is typically accompanied by a rise of five magnitudes in the U band. The amplitudes are much lower in the very wide band used in the TESS and Kepler observations. Flares in the Sun are caused by energy released by the re-connection of magnetic field lines in the outer atmosphere. The energies released in solar flares are in the range 10 29 -10 32 ergs. Flares in active M dwarfs are typically 10-1000 times more energetic than solar flares. Although we have a very limited understanding of stellar flares, it is thought that the underlying mechanism is essentially the same as in the Sun.
The Kepler mission has resulted in the discovery of "superflares" in solar-type stars with energies in the range 10 33 -10 36 ergs (Maehara et al. 2012 ). More surprisingly, flaring was found in about 2.5 percent of A stars (Balona 2012 (Balona , 2013 (Balona , 2015 . Spectroscopic observations of the A-type flare stars suggest significant contamination by field stars in the Kepler aperture and that many of the stars are spectroscopic binaries (Pedersen et al. 2017) . The possibility that the flares originate in a companion certainly cannot be discounted. However, it should be noted that the flares associated with A stars are 100-1000 times more energetic than those in typical M or K dwarfs (Balona 2015) , suggesting that they may originate in the A star and not on a late-type companion.
In the course of inspection of the TESS light curves, we came across three stars which appear to flare (Fig. 4) . TIC 92136299 is a normal B9.5IV star with clear periodic variations suggestive of rotational modulation. The periodogram shows a main peak at 2.251 d −1 and its first harmonic. In addition, there is a third peak at 2.642 d −1 which could be interpreted as a second "spot" in a differentiallyrotating star. Two flare-like events can be seen which have the typical sharp rise and slow decay of a stellar flare. According to Chini et al. (2012) , the star is not a spectroscopic binary.
TIC 92136299 (ω 2 Aqr A) has a close companion, (ω 2 Aqr B) with spectral type A5IVpec with the H&K CaII lines in emission (Gahm et al. 1983) . The stars are separated by 5 arcsec and magnitude difference of 6 mag. The pair is an X-ray source (Makarov 2003) .
A flare is also found in TIC 118327563 which is a subdwarf B star. Bagnulo et al. (2015) was unable to detect a significant magnetic field. The rapid light variation of 4.372 d The flare on TIC 224244458 (β Scl) is very interesting as this is a HgMn star. The HgMn stars are chemically peculiar stars containing an excess of P, Mn, Ga, Sr, Yt, Zr, Pt and Hg. They lack a strong dipole magnetic field and are slow rotators. For β Scl, Bychkov et al. (2009) quotes a (null) magnetic field measurement of 61 ± 36 G. Chini et al. (2012) found that the star is not a spectroscopic binary.
We can calculate the approximate flare energy from the area occupied by the flare in the light curve and the stellar luminosity. These turn out to be approximately 10 36 ergs for TIC 92136299 and TIC 224244458 and 10 35 ergs for TIC 118327563, which are all considerably larger than the most energetic flares in typical K or M dwarfs, but similar to the flare energies in A stars. This does not prove that the flares originate on B stars, but is an indication that this might be the case. 
OTHER STARS OF INTEREST
The only β Cep star in the sample is TIC 69925250 (HN Aqr). TESS observations of the star are discussed by Handler et al. (2019) . There are 25 stars classified as SPB variables in the TESS data. The classification is based on the presence of multiple low-frequency peaks. In some stars one may interpret a strong peak and its harmonic as possibly due to rotation. These have been designated SPB+ROT variables and are treated as both SPB and rotational variables.
The 12 stars considered to be classical Be stars are designated in the last column of Table 1 by "(Be)". Many of them display broad multiple peaks considered to be a result of nonradial pulsation or variable circumstellar obscuration. These are classified as BE variables, in accordance with the GVCS definition. In addition to the broad peaks, TIC 270219259 also shows a strong, sharp peak at 7.445 d −1 . The star is too cool for a BCEP, so we have classified it as BE/MAIA. TIC 308748912 does not have any significant peaks with frequencies higher than 0.5 d −1 and with amplitudes above 10 ppm. Four classical Be stars have already been discussed in Section 8 and appear to be normal rotational variables. Two additional classical Be stars, EPIC 210788932 and EPIC 217692814 also seem to be typical ROT variables.
Of the 7 stars classified as MAIA variables, three have v sin i measurements. This brings to 16 the number of suspected MAIA stars with known v sin i, for which the mean is < v sin i >= 111 ± 23 km s −1 . This does not suggest that rapid rotation is an important factor, unlike the FaRPB stars.
TIC 169285097 (J2344-3427) is a known subdwarf pulsating B star (Holdsworth et al. 2017) . The TESS data show that it pulsates in both long-and short periods (hybrid V361 Hya/V1093 Her star). There are dozens of peaks in the range 8 < ν < 60 d −1 , but also a few peaks in the range 220 < ν < 250 d −1 . The other sdB stars and the white dwarf TIC 31674330 appear to be constant.
Another class of interest are rotational variables with detected magnetic fields in the first TESS data release. These are being investigated by David-Uraz et al. (2019, in preparation) .
CONCLUSIONS
For the last half-century the view that stars with radiative envelopes cannot sustain a magnetic field and are therefore devoid of starspots has been generally assumed. Suspicions that this was not the case have occasionally arisen, particularly from inspection of good ground-based photometric time series of δ Sct and β Cep stars, where the presence of significant low frequencies has sometimes been noted. However, owing to the fact that the rotational periods of A and B stars are close to one day, it is very difficult to detect low-amplitude rotational modulation of A and B stars in ground-based photometry from a single site.
With the advent of precise time-series photometry from space it has become apparent that rotational modulation is very likely present in about half the A stars in the Kepler field (Balona 2013 (Balona , 2017 . This is demonstrated by the fact that the photometric period distribution closely matches the expected distribution from spectroscopic v sin i measurements (Balona 2013) . Furthermore, the expected relation between the equatorial rotational velocity, ve, estimated from the photometric period and v sin i is also present (Balona 2017) .
There are very few B stars in the Kepler and K2 fields (most of them are late B stars), too few to calculate the ve distribution and compare it with the ve distribution expected from spectroscopic v sin i measurements from field stars in the same temperature range. Balona (2016) was able to identify presumed rotational modulation in many B stars observed with the K2 mission, but for the most part v sin i measurements were not available to test the relationship with ve.
In this paper we examined the light curves of 160 B stars observed by TESS and classified them according to variability type. It appears that a large fraction of these stars may be rotational variables without any known chemical peculiarity. Balona (2016) had already arrived at the same conclusion from a sample of K2 B stars.
Using Gaia parallaxes, the luminosities of these main sequence stars were estimated, from which the radii can be found. From the radii and the photometric periods, the equatorial rotational velocities can be determined. The expected relationship between projected rotational velocity and the equatorial rotational velocity is found, confirming that the photometric periods are consistent with rotation.
Out of the 112 main-sequence B stars observed by TESS, 45 were classified as rotational variables or possible rotational variables. This fraction (about 40 percent) is similar to the fraction of rotational variables found among the A stars (Balona 2013 ) and a confirmation of a similar result from B stars in the K2 field (Balona 2016) . Rotational variability appears to be the most common type of light variation among A and B main sequence stars. None of these variables are known to be chemically peculiar.
This result calls into question current models of the outer layer of stars with radiative envelopes. Cantiello et al. (2009) and Braithwaite (2011) have suggested that magnetic fields produced in subsurface convection zones could appear on the surface. Thus localized magnetic fields could be widespread in those early type stars with subsurface convection. Magnetic spots of size comparable to the local pressure scale height are predicted to manifest themselves as hot, bright spots (Cantiello & Braithwaite 2011) . Recent observations from space indicate that bright spots may have been detected in some O stars (Ramiaramanantsoa et al. 2014; David-Uraz et al. 2017; Ramiaramanantsoa et al. 2018) . It is also possible that differential rotation in the A and B stars may be sufficient to create a local magnetic field via dynamo action (Spruit 1999 (Spruit , 2002 Maeder & Meynet 2004) . Whether or not any of these ideas relates to rotational modulation as observed in A and B stars requires further work.
